Fluorine-18-fluorodeoxyglucose positron emission tomography ([ 18 F]FDG PET) was assessed as a method for providing information about the malignancy of orbital tumors. Twelve patients with 13 orbital tumors underwent [ 18 F]FDG PET followed by biopsy or tumor removal via a transcranial approach. The accumulation ratio between the tumor and the contralateral normal tissue (T/N ratio) was calculated for 10 of the 13 lesions. The T/N ratio in benign lesions was compared with that in malignant tumors. Histological examination identified 7 lesions as malignant: anaplastic astrocytoma of the optic nerve in 1 patient, which recurred as glioblastoma of the optic nerve, malignant lymphoma of mucosaassociated lymphoid tissue type in 1 patient, malignant melanoma in 1 patient, adenoid cystic carcinoma in 2 patients, and adenocarcinoma (unknown origin) in 1 patient. The T/N ratio was 1.06 ± 0.03 (mean ± standard deviation) in benign tumors, and significantly higher at 1.81 ± 0.27 in malignant tumors (p ＝ 0.0027). Both patterns of high and iso uptake of [ 18 F]FDG were found in orbital pseudotumor. [ 18 F]FDG PET can determine the malignancy of orbital tumors, but cannot distinguish malignant tumor from inflammatory disease such as pseudotumor.
Introduction
Preoperative determination of the malignancy of orbital tumors may provide important indications about whether impaired visual acuity and residual visual acuity can be preserved, and intracranial advancement of the tumor prevented. Whole body fluorine-18-fluorodeoxyglucose positron emission tomography ([ 18 F]FDG PET) is useful to stage or monitor the disease in patients with malignant melanoma or malignant lymphoma. 6, 11, [13] [14] [15] This preliminary study investigated whether [ 18 F]FDG PET can provide significant information for preoperative decision making regarding the treatment of orbital tumors.
Clinical Material and Methods
This study included 12 patients, 4 men and 8 women aged 17-72 years, with 13 orbital tumors ( Table 1 ).
All patients had presented with some symptoms such as ocular pain, exophthalmos, progressive lump in the eyelid, or visual loss. Magnetic resonance (MR) imaging (Intera; Philips, Eindhoven, the Netherlands) had identified the orbital tumors. The patients subsequently underwent [ 18 F]FDG PET before surgery.
[ 18 F]FDG PET was performed using a Headtome SET 120W (Shimadzu, Kyoto) to obtain five 12.5-mm thick slices with an in-plane resolution of 6.6 mm full width half-maximum, or a ECAT ACCEL (Siemens, Munich, Germany) to obtain 47 3.375-mm thick slices with an in-plane resolution of 6.2 mm full width half-maximum. Patients were intravenously injected with approximately 185 MBq (5 mCi) of [ 18 F]FDG, and transmission and emission scans were obtained after 40 minutes. The area of highest uptake of [ 18 F]FDG was enclosed within a region of interest. Circular regions of interest were placed manually referring to the corresponding MR image. The accumulation ratio between the tumor and contralateral normal tissue (T/N ratio) was cal- culated for 10 of the 13 lesions. The T/N ratio in benign tumors was compared with that in malignant tumors. The significance of differences was determined by Student's t test, and differences with p º 0.05 were considered significant. Biopsy or tumor removal was performed via a transcranial approach to remove the tumor or to confirm the histological diagnosis. The lesions suspected of malignancy based on preoperative [ 18 F]FDG PET were expected to be removed as far as possible except for mucosa-associated lymphoid tissue (MALT) lymphoma. The lesions suspected to be benign were all symptomatic. The decision making regarding the range of removal depended on the intraoperative histological findings and the results of preoperative [ 18 F]FDG PET. Diagnosis of all tumors was confirmed histologically. The follow-up period was 10-60 months (mean 30 months).
Representative Cases
Case 4: A 51-year-old male presented with a 5-year history of progressive right exophthalmos and visual loss. MR imaging showed a right optic nerve tumor.
[ 18 F]FDG PET revealed high uptake of [ 18 F]FDG in the lesion. The patient underwent tumor removal to relieve his exophthalmos, and adjuvant radiation therapy for the remaining tumor in the chiasm. The histological diagnosis was anaplastic astrocytoma ( Fig. 1 middle row) . The tumor recurred as glioblastoma 6 months after the operation (Fig. 1 lower  row) . No [ 18 F]FDG was accumulated in the remaining optic tract, so a second operation was performed to preserve the visual acuity of the remaining eye. Visual acuity remained stable for 1.5 years after the first operation, but the patient died after 2 years of liver dysfunction. 10) Case 7: A 17-year-old female presented with a 2-year history of progressive exophthalmos and visual loss. MR imaging showed a right optic nerve tumor with [ 18 F]FDG accumulation similar to the normal side, indicating the lesion was benign. Therefore, the patient underwent tumor removal to relieve her exophthalmos after she lost useful visual acuity. The histological diagnosis was fibrillary astrocytoma (Fig. 1 upper row) . She remained stable without tumor recurrence for 29 months after the operation. Case 12: A 59-year-old female presented with a progressive lump in the right eyelid. MR imaging showed an intraorbital tumor with high [ 18 F]FDG accumulation (Fig. 2) . Tumor removal was planned through a transcranial approach, but the intraoperative histological findings indicated pseudotumor. Therefore, partial removal of the tumor was performed to relieve her symptoms, with postoperative administration of steroid agent. She showed frequent remissions and exacerbations during the postoperative 60 months. 
Results
Histological examination identified 7 lesions as malignant: anaplastic astrocytoma of the optic nerve in 1 patient, which recurred as glioblastoma of the optic nerve, malignant lymphoma of MALT type in 1 patient, malignant melanoma in 1 patient, adenoid cystic carcinoma in 2 patients, and adenocarcinoma (unknown origin) in 1 patient. Six lesions were identified as benign: fibrillary astrocytoma in the optic nerve in 1 patient, cavernous angioma in 2 patients, neurinoma in 1 patient, and inflammatory pseudotumor in 2 patients. The T/N ratio was 1.06 ± 0.03 (mean ± standard deviation, n ＝ 4) in benign tumors, and significantly higher at 1.81 ± 0.27 (n ＝ 6) in malignant tumors (p ＝ 0.0027). The T/N ratio was 1.03 in fibrillary astrocytoma, 2.26 in anaplastic astrocytoma, and 1.88 in glioblastoma (Fig. 1) .
Discussion
This preliminary study demonstrated that accumulation of [ 18 F]FDG in benign orbital tumors (fibrillary astrocytoma, cavernous angioma, neurinoma) was comparable to that in the contralateral normal tissue, whereas uptake of [ 18 F]FDG was high in malignant orbital tumors (anaplastic astrocytoma, glioblastoma, MALT lymphoma, malignant melanoma, adenocarcinoma, adenoid cystic carcinoma) and [ 18 F]FDG PET has several advantages for the detection of orbital tumor over conventional imaging such as computed tomography or MR imaging, including the ability to metabolically characterize tumors, early prediction of the response to chemotherapy, and evaluation of asymptomatic residual lesions. 8) On the other hand, current PET has low image resolution of 5 to 8 mm that may be too cumbersome to detect very small intraorbital tumors. Additionally, FDG PET may show a false negative in lesions with heterogeneous glucose consumption such as uveal melanoma or retinoblastoma. 8) One of our patients with pseudotumor (Case 11) had received steroid agent for lymphocytic adenohypophysitis pointed out before. This patient showed equivalent [ Malignant glioma should be treated immediately to prevent development of the lesion whereas benign optic glioma needs careful consideration for surgical intervention. Surgical intervention for benign optic glioma, especially in young patient, is justified by blindness, posterior invasion, exophthalmos, and pituitary hypothalamus disturbance, because some tumors behave as non-neoplastic or self-limiting, and so have good prognosis. 4, 5, 13) Our patient with fibrillary astrocytoma presented with exophthalmos, and underwent surgery after she lost the visual acuity necessary for daily life. She had no evidence of neurofibromatosis type 1. 11 C-methionine PET is a prognostic factor independent from [ 18 F]FDG, and 11 C-methionine uptake is correlated with cellular proliferation. 9,11) 11 C-methionine is apparently superior to [ 18 F]FDG for the detection of grade 3 glioma. 7, 8) In this study, [ 18 F]FDG PET could indicate the malignancy of orbital glioma, and provided important information about the timing of surgery or the extent of the surgical removal. However, there was no correlation between the T/N ratio and the malignancy of optic glioma.
The present study involved a limited number of patients, so further research is required to more fully elucidate the usefulness of [ 18 F]FDG PET in the treatment of the orbital tumors.
